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     在本论文中，我们从理论上探讨有效和准确计算影响分子内电子转移关键
因素之一的电子耦合强度的计算模型和电子结构方法。在电子耦合强度的计算模
型中，传统的方法有 Generalized Mulliken-Hush (GMH)、Koopmans’ Theorem 





















密度泛函 CAM-B3LYP 和 ωB97X-D 对于离域体系几何构型的优化来说是一个好
的选择，而对于接近定域和完全定域的有机混价体系而言，泛函 M06HF 和
LC-ωPBE 是比较适合的；在对电子耦合强度的计算过程中我们发现纯的密度泛

































In this thesis, we theoretically investigate accuracies of the models and electronic 
structure theories for the calculation of intramolecular electronic couplings for 
electron transfer in organic mixed-valence systems. There exists many available 
models for electronic coupling, such as the Generalized Mulliken-Hush (GMH), 
Koopmans’ Theorem (KT), Two-State Model (TM) and reduced TM (RTM).  
Although those models have been widely applied to calculate the electronic coupling, 
they have limitations in practice. For instance, GMH requires some quantities of 
molecular excited-state. However, the accurate calculations of these quantities for 
large molecules are limited by the present electronic structure theories. The KT is only 
applicable at the crossing points of two diabatic potentials. However, to find this 
crossing point itself is difficult for asymmetric electron transfer. The TM requires 
constructing two charge localized states, but it is very difficult to construct two 
different charge localized states, especially for the case of strong electronic couplings. 
The RTM starts from the molecular orbitals (MO) to construct charge localized states, 
overcoming the difficulty of the TM. However, it is only suitable for intermolecular 
electron transfer because it is not clear how to divided systems into two fragments for 
intramolecular electron transfer.  
In the thesis, we propose a new modified reduced two-state method (mRTM) to 
overcome the deficiency mentioned above. The mRTM is based on KT mechanism 
and combines RTM to construct diabatic wave functions from an adiabatic 
representation. Thus, it is well suitable for intramolecular electron transfer. In order to 
get a quality classification of electronic structure theories in the accurate calculations 
of electronic couplings, we further investigate the dependence of electronic couplings 
on electronic structure theories (from Hatree Fork (HF) pure density functional theory 
(DFT)). 
In the concrete applications, we take the organic mixed-valence 
system[D-(Ph)n-D](D=2,5-dimethoxy-4-methylphenyl,n=0,1,2) as an example. We 
first use different electronic structure methods to optimize their geometries to get 
reasonable geometries by comparing the experimental results. At the obtained 
geometries, we then calculate the electronic couplings with different electronic 















the electronic coupling with respect to the ω value in the long-range corrected density 
functional LC-ωPBE. The geometric optimizations show that CAM-B3LYP and 
ωB97X-D are good choices for delocalized systems while LC-ωPBE and M06HF are  
suitable for the systems from charge almost localization to localization. The 
calculations of electronic couplings demonstrate that the pure functional generally 
underestimates the electronic couplings whereas the pure HF overestimates them. 
Furthermore, the electronic couplings from the GMH are very sensitive to the HF 
component in functionals, which makes it a challenge to accurately estimate the 
values. The electronic couplings from the new mRTM are less sensitive to the ω value 
in LC-ωPBE functional and they are also consistent with the experimental data. 
Keywords: electron transfer, electronic coupling, long-range corrected density 
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图 1.1 有机混价体系[D-(Ph)n-D](D=2,5-二甲氧基-4-苯甲基，n=0, 1, 2)的结
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